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Conversion Factors and Datums
Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:°F = (1.8 x °C) + 32
Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929 (NGVD29). Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD83). 
Concentrations of chemical constituents in water are given in milligrams per liter (mg/L).

Abbreviations and Acronyms
Introduction
The National Park Service (NPS) manages and maintains all areas within the boundaries of the Blue Ridge Parkway. The NPS operates a seasonal campground in the mountains of North Carolina that is located near Mt. Pisgah within the boundaries of the Blue Ridge Parkway ( fig. 1 ). NPS managers are concerned that the Mt. Pisgah campground and nearby Pisgah Inn Lodge may potentially affect the quality of water in a small wetland that lies within a natural area located in the center of the campground ( fig. 2) . Little is known about the existing hydrologic and water-quality conditions of the small natural area at the Mt. Pisgah campground. Improved knowledge of the basic hydrology in the natural area was needed before determinations could be made pertaining to the possible effects resulting from the operation of the surrounding campground and other nearby facilities.
Purpose and Scope
In 2002, the USGS, in cooperation with the NPS, conducted a 1-year study to gain a better understanding of the hydrology within the Mt. Pisgah campground. The focus of the study was on the natural area located in the center of the campground. In an effort to define basic hydrologic conditions, surface-and ground-water data were collected in the study area from late 2001 to early 2003; however, discussions in this report are limited to data collected during calendar year 2002. Data collected before and after calendar year 2002 are published in USGS Annual Data Reports for North Carolina for water years (Ragland and others, 2004a , 2004b Howe and others, 2003 [published annually]) . As part of this study, a map of the campground area was generated using global positioning system (GPS) surveying equipment. The general extent of the natural area, structures, and other features were mapped as a part of this effort ( fig. 3 ).
Water-levels were monitored continuously in a small stream that carries all surface-water drainage from the campground area ( fig. 2 ). Periodic measurements of streamflow were made at this stream site to develop a stage/discharge relation and thereby quantify surface-water drainage from the campground area. Water-quality samples were collected from the stream twice during the study. Ground-water levels were measured periodically in seven shallow wells and two piezometers in the study area ( fig. 2 ). Field measurements of pH, specific conductance, and water temperature were obtained from ground-water samples collected from the seven shallow wells.
Although beyond the original scope of this study, additional water samples were collected from the stream and six of the shallow wells (wells 2-7) in September 2002 for analysis of fecal coliform bacteria and nitrate. The additional samples that were analyzed for fecal coliform were collected on September 11, and samples analyzed for nitrate concentrations only were collected on September 11 and September 24. The additional samples collected for nitrate were analyzed with a spectrophotometer in the USGS North Carolina District Office. Indicator test strips also were used in the field to screen for nitrate and nitrite in samples collected on September 24. Unlike the analytical results reported for stream samples by the USGS National Water Quality Laboratory (NWQL) for this study, nitrate and nitrite concentrations derived by spectrophotometer analysis performed in the USGS North Carolina District Office and indicator test strips used in the field are considered to be more qualitative than quantitative. As a result, nitrate and nitrite concentrations that were determined with a spectrophotometer in the USGS North Carolina District Office or with indicator test strips are presented in this report as estimates. In the center of the campground, between Loops B and C, is a low-lying natural area that occupies about 10.5 acres. This valley floor area is covered extensively in rhododendron and other vegetation. These plants form very dense undergrowth throughout much of the natural area. An approximately 2-acre wetland lies within this heavily vegetated area.
The low-lying natural area in the center of the campground is intermittently wet, and the ground surface is irregular with undulations of a few feet in some areas. The area is encircled on three sides by paved access roads and bounded on the downstream side by an old roadbed that connects Loops B and C near the northern end of the campground ( fig. 2) . A culvert underneath the old roadbed conveys surface-water drainage from the natural area. A footpath, power lines, and an iron pipeline follow the course of the old roadbed.
Surface water in the natural area generally flows from the southeast to the northwest. Several very small streams originate in and meander through the natural area. Some of these small streams are less than 1 ft wide. During precipitation events, the natural area receives runoff from most of the campground area. Some stormwater runoff from paved surfaces along the Blue Ridge Parkway near the Pisgah Inn Lodge flows into the natural area through several culverts and other drainage structures. Wastewater from the Pisgah Inn Lodge and campground comfort stations flows through a wastewater pipeline system to a treatment facility that is located about 1,200 ft north of the lower Loop C. Two water-supply wells in the campground area serve the Pisgah Inn Lodge, campground, comfort stations, and related facilities (NPS wells 1 and 2, fig. 2 ). Well records indicate that NPS well 1 was drilled to a depth of 185 ft and NPS well 2 was drilled to a depth of 400 ft below land surface. Both of these bedrock wells are cased through the shallow ground-water system.
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Methods
Surface-and ground-water data were collected and a map of the campground area was produced during the study. The methods used to collect stage, streamflow, and water-quality data from the stream draining the campground area are described in this section. In addition, procedures used to collect ground-water-level and ground-water-quality data are described. The methods used for mapping the area near the campground also are described in this section.
Mapping
Using GPS equipment, field surveys were conducted one time (January 2002) during the study period to locate hydrologic and other features in the campground area. Manmade features, including roads, comfort stations, public water-supply wells, stormwater drainage-system components, and campsite parking areas, were located and mapped. Data-collection sites, stream channels and the general boundaries of wetland areas were included in the hydrologic features that were mapped ( fig. 3 ).
Field surveys were conducted by using a portable backpack style GPS unit to collect satellite positioning data for each feature. Wet soils and(or) changes in vegetation were used to identify and map wetland areas. Extremely dense vegetation limited access and prevented complete mapping of the entire natural area. As a result, wetland areas, stream channels, and other features may be more extensive than indicated on the map in figure 3 . Features, such as roads, pipelines, and drainage ditches, were mapped only near the study area. Truncation of these types of features in figure 3 may indicate where GPS field survey and mapping efforts ended. Surveyed features were verified against areal photography for accuracy. Adjustments were made where needed to match locations in the aerial photography. All GPS surveys were based on North American Datum of 1983 (NAD83) data with a minimum reception of three satellites. Horizontal accuracy tolerances of the GPS unit used were within 10 ft.
Streamwater Levels and Streamflow
Water level (stage) and flow (discharge) in the stream draining the campground area were monitored from January 1 to December 31, 2002. An old access road that connects Loops B and C partially impounds surface-water drainage from the natural area ( fig. 2 ). Immediately upstream from the old access road, several small streams converge into a single channel before flowing through two corrugated metal pipe (CMP) culverts that pass beneath the old roadbed ( fig. 4) . On the downstream side of the culvert, water empties into a small natural pool before flowing into a single, well-defined channel.
A USGS streamgaging station was constructed at the downstream side of the culvert ( fig. 5 ) to monitor stage fluctuations in the stream flowing from the natural area in the center of the campground. This stream site was identified as Unnamed Tributary to Pisgah Creek at Flat Laurel Gap, N.C., with USGS station number 0345638607. A steel enamel staff gage was installed in the stream at the downstream side of the culvert. Stage in the stream was monitored by a pressure transducer that was referenced to the staff gage and recorded by instrumentation housed in the gage shelter. Stage data were recorded at 15-minute intervals using an arbitrary gage datum. Recorded stage readings and the staff gage in the stream were set so that a stage of 0.00 ft in gage datum represented a corresponding water-surface elevation of 4,836.97 ft above mean sea level (referenced in this report to National Geodetic Vertical Datum of 1929 [NGVD29]). The mean sea level elevation of gage datum was determined by level surveys based on a nearby North Carolina Geodetic Survey benchmark (PI-1 1994).
Streamflow was measured periodically in the stream channel near the gaging station. All streamflow measurements were made with a standard current meter using established USGS techniques and procedures (Rantz and others, 1982) . A stage/discharge relation, based on measurements of streamflow, was developed for the site.
Streamwater Quality
Two sets of water-quality samples were collected from the stream and analyzed for major ions, nutrients, wastewater compounds, fecal coliform bacteria, and selected metals. These samples were collected strategically during different seasons of the year so that analytical results could provide indications of the presence or absence of human influence on the quality of water flowing from the campground area. The first set of samples was collected from the stream on April 23, 2002, at a time when the campground was inactive and had been closed for about 6 months. The second set of samples was collected on September 11, 2002, at a time when the campground was open and had been in use for about 4½ months. An additional stream sample was collected on September 24, 2002, for analysis with a spectrophotometer for nitrate concentrations only. The sample collected on September 24 was supplemental and used for comparison to ground-water samples that were collected on the same date.
All water-quality samples taken from the stream were collected at the upstream side of the culvert. Raw or unfiltered water samples were collected in bottles by hand. For dissolved constituent analyses, water was pumped directly from the stream and filtered onsite using a peristaltic pump and an in-line cartridge filter. Water temperature, pH, and specific conductance were measured in the field using a multiprobe instrument when samples were collected. Values of dissolved oxygen and alkalinity also were determined in the field during sample collection.
Most water-quality samples collected from the stream were analyzed at the NWQL in Denver, Colo. In addition to major ions, nutrients, and selected metals, stream samples were analyzed at the NWQL for 67 compounds typically found in domestic and industrial wastewater. These compounds included surfactants, food additives, fragrances, antioxidants, flame retardants, plasticizers, industrial solvents, disinfectants, fecal sterols, polycyclic aromatic hydrocarbons, and high-use domestic pesticides (Zaugg and others, 2002) . Samples collected for fecal coliform bacteria were analyzed by the North Carolina Department of Environment and Natural Resources laboratory in Asheville, N.C. Supplemental stream samples collected on September 11 and September 24 were analyzed for nitrate concentrations only using a spectrophotometer at the USGS District Office in Raleigh, N.C. Indicator test strips also were used in the field on September 24 to screen for nitrate and nitrite in the stream. In this report, all nitrate and nitrite values determined with a spectrophotometer in the USGS North Carolina District Office or with indicator test strips are considered to be estimates.
Ground-Water Levels
Periodic ground-water levels were measured in seven newly installed wells and two existing piezometers in the study area. The seven wells were installed at shallow depths near or within the natural area to measure water levels and allow the collection of field water-quality data for this study. Six of these wells were installed near the perimeter of the natural area and one (well 3) was installed near the center of the area ( fig. 2 ). All seven of these wells were constructed of polyvinyl chloride (PVC) pipe, 1.5 inches in diameter, with a slotted PVC well screen and solid PVC well point attached to the bottom. Each well was installed by hand-augering a borehole 3 inches in diameter into the ground. The deepest of these wells was installed to a depth of about 6.5 ft below land surface, and the most shallow well was installed to a depth of about 2 ft below land surface. The annular space around the screen of each newly constructed well was backfilled with fine sand. The two existing piezometers had been installed in a grassy area in the interior part of the natural area (A and B, fig. 2 ) as part of an earlier study. These piezometers consisted of ¾ -inch PVC pipe installed to depths of about 1 ft below land surface.
Water-level measurements in each well and piezometer were made by using a steel or electric tape from a measuring point marked on the top of the well casing. Field surveys, based on a North Carolina Geodetic Survey benchmark (PI-1 1994), were conducted during the study to determine the measuring point elevation of wells 1-7 and piezometers A and B. Several other existing piezometers were located and mapped in the natural area near piezometers A and B ( fig. 3 ). Water levels were not measured in any of these additional piezometers. Two deep water-supply wells were located in the campground area (NPS wells 1 and 2, fig. 2 ). Water levels were not measured in either of these bedrock wells during the study.
Ground-Water Quality
Field measurements of water temperature, pH, and specific conductance were made in samples collected from the shallow wells in April and September 2002. To verify water-quality field data collected on April 23, supplemental field measurements were Figure 5 . The U.S. Geological Survey gaging station that was built to monitor water levels in the stream flowing from the natural area in the center of the Mt. Pisgah campground. made in samples from some wells on April 24, 2002. Likewise, in an effort to better define representative conditions, two separate samples were collected from wells 2-7 on September 24, 2002. Samples were collected and water-quality field measurements were made on September 24 before and after each well was purged, with the first set of measurements made from undisturbed water in the well. The second set of field measurements from September 24 were made after pumping each well dry and subsequently allowing water levels to recover inside the wells.
Water temperature, pH, and specific conductance were measured in the field by using a multiprobe instrument. All field measurements were made after removing a sample of water from each well by using a peristaltic pump. Pump tubing was completely replaced or was rinsed with distilled and native water before and after obtaining samples from each well.
Supplemental water-quality samples were collected from six wells (wells 2-7) in September 2002 and analyzed for fecal coliform bacteria and nitrate. Samples for fecal coliform bacteria were collected from the wells on September 11 and analyzed by the North Carolina Department of Environment and Natural Resources laboratory in Asheville. Samples collected from the wells on September 11 and September 24 were analyzed only for nitrate concentrations with a spectrophotometer at the USGS District Office in Raleigh. Indicator test strips also were used in the field on September 24 to screen for nitrate and nitrite in samples collected from the wells. In this report, all nitrate and nitrite values determined with a spectrophotometer in the USGS North Carolina District Office or with indicator test strips are considered to be estimates.
Most wells were installed at very shallow depths, thus, dry climatic conditions during the investigation resulted in limited volumes of water available for sample collection in some of the wells. For example, well 1 ( fig. 2 ) was nearly dry on June 13 and was completely dry on September 11 and September 24. As a result, limited water-level and water-quality data were obtained from well 1. Water samples that were collected from nearly dry wells were often heavily laden with sediment. Hence, some of the waterquality data determined from these samples may not be considered as representative of naturally occurring ground-water conditions.
Results
Surface-and ground-water data collected during this study are summarized below. Stage and streamflow data collected for the stream draining the campground area are summarized. The analytical results of water-quality samples collected from this stream site also are discussed. Water-level and water-quality data collected from shallow wells and piezometers located within the campground area also are summarized in this section.
Stream Stage and Streamflow
Continuously recorded stage in the stream ranged from 1.09 to 1.89 ft above gage datum (4,838.06 to 4,838.86 ft above mean sea level) during the 2002 calendar year. Periodic measurements of streamflow (discharge) ranged in stage from 1.11 to 1.66 ft and in discharge from 0.07 to 4.71 cubic feet per second (ft 3 /s). A stage/discharge relation was developed using these streamflow measurements, and corresponding discharge values were calculated for each stage value recorded by the gage. A hydrograph of mean daily discharges for calendar year 2002 is shown in figure 6 as calculated for each day of the period of study (table 1 ). An additional table containing daily maximum, minimum, and mean discharge values also is presented in the appendix (table A1) . 
Streamwater Quality
Analytical results of water-quality samples collected from the stream in April and September indicate that surface water flowing from the natural area in the center of the campground had low concentrations of the constituents measured, similar to those reported in undisturbed streams in the Blue Ridge Province (Simmons and Heath, 1982) . USGS laboratory analytical results of the stream samples are shown in table 2. Measurements of pH made in the stream during sample collection in April and September ranged from 5.5 to 6.3, and specific conductance values ranged from 6 to 14 microsiemens per centimeter at 25 °C (µS/cm; table 3). Four compounds associated with human activity (camphor, N,N-diethyl-meta-toluamide (DEET), tributylphosphate, and methylsalicylate) were detected in the stream samples; however, concentrations were less than detection levels and analytical results for these compounds are reported as estimates (table 2) . Camphor was detected in the sample collected in April following a period when the campground had been closed for about 6 months. The presence of camphor in the April sample suggests that inadvertent contamination occurred during sample collection or analysis. The remaining three compounds were detected in the sample collected in September after the campground had been in use for about 4½ months. Further sampling is necessary to determine whether these compounds are consistently detected in the stream. Samples collected from the stream in April and September and analyzed for fecal coliform bacteria had densities of 76 and 110 colonies per 100 milliliters (col/100 mL) of water, respectively. Nitrate and nitrite concentrations were not detected by spectrophotometer analysis performed in the USGS North Carolina District Office or by indicator test strips in samples collected from the stream in September (table 3) . No violations of water-quality standards for any constituent measured were noted in the stream samples. 
Ground-Water Levels
Ground-water levels were measured periodically in the seven shallow wells and two shallow piezometers located in the study area ( fig. 2) . Drought conditions occurred in many parts of the Blue Ridge Province for much of the study period. As a result, ground-water levels during periods of higher rainfall may differ from those defined in this report. Ground-water levels for 2002 generally were highest in the spring and lowest in the fall. Graphs of periodic ground-water-level measurements made in wells 1-7 and piezometers A and B are shown in figures 7-11. All water-level measurements made during the study are presented in the appendix (table A2) .
Ground-Water Quality
Field measurements of water temperature, pH, and specific conductance were made in samples collected from wells 1-7 in April and September 2002. Supplemental samples for fecal coliform densities were collected once on September 11, 2002, and samples for nitrate analysis only were collected twice from wells 2-7 on September 11 and 24, 2002 (table 3) .
Values of pH measured in ground-water samples collected in April and September ranged from 4.0 to 6.3. Measured pH values were consistently lower in samples from wells 2 and 7 than in samples from the other wells. Additionally, measured pH values were consistently highest in samples from well 3 (table 3) .
Specific-conductance values measured in samples collected from wells on the east side of the natural area were lower than those measured in samples from the other wells and generally were higher than conductance values measured in the stream (table 3) . Mean specific-conductance values measured in samples from wells 4 and 6 were 13 and 24 µS/cm, respectively. However, specific-conductance values measured in samples from two wells on the west side of the natural area were two to three times higher, averaging 49 and 32 µS/cm in wells 2 and 5, respectively. Specific-conductance values measured in samples collected from well 3, located near the center of the natural area, averaged 49 µS/cm, also two to three times higher than those measured in samples from wells on the east side of the natural area (table 3) .
As a result of differences observed in the specific conductance of ground-water samples collected in April, supplemental samples analyzed for fecal coliform bacteria and nitrate were collected from wells 2-7 on September 11, 2002. In addition, samples were collected from the same six wells and analyzed for nitrate concentrations only on September 24, 2002. Indicator test strips also were used in the field on September 24, 2002 to screen for nitrate and nitrite in ground-water samples collected from wells 2-7.
From samples collected on September 11, fecal coliform densities in wells 3, 4, 6, and 7 generally were less than or equal to 8 col/100 mL. The sample collected on the same date from well 5 had a coliform density twice as high (16 col/100 mL). More significantly, the sample collected from well 2 on September 11 had 480 col/100 mL, 60 times as high as the coliform count for wells 3, 4, 6, and 7 (table 3) .
Samples for nitrate concentrations were collected from wells 2-7 on September 11 and analyzed with a spectrophotometer at the USGS North Carolina District Office. Analytical results for these samples indicated that nitrate was present in wells 2, 6, and 7 at estimated concentrations of 1 milligram per liter (mg/L) or less (table 3) . Nitrate was not detected in samples collected from any of the other wells on September 11. Additional samples were collected from wells 2-7 on September 24 that were analyzed with a spectrophotometer at the USGS North Carolina District Office for nitrate concentrations only. Nitrate was not detected with the spectrophotometer in any of these samples. Indicator test strips also were used in the field on September 24 to screen for nitrate and nitrite in samples from wells 2-7. The test strips detected the presence of nitrate in the sample from only one well (well 2) at an estimated concentration of 1 mg/L or less. The presence of nitrate was not indicated by test strips in any other wells. Nitrite was not indicated by the test strips in any of the samples collected from wells 2-7 on September 24. 
Suggestions for Further Study
Further mapping of the heavily vegetated natural area in the center of the campground is needed to accurately define the extent of wetland and non-wetland areas. Many plant species growing in the center of the campground are evergreen, and growth is so dense that access to many parts of the natural area is, at best, extremely difficult. However, a complete and accurate delineation of all wetland boundaries would provide a valuable tool for monitoring and managing sensitive areas.
Although traces of some manmade compounds were detected in the stream draining the natural area, and some patterns were identified in specific conductance, fecal coliform, and nitrate concentrations detected in well samples, further study is needed to more accurately characterize stream-and ground-water-quality conditions at the Mt. Pisgah campground. Such an increased level of data collection and interpretation was beyond the scope of this study.
To better characterize water-quality conditions, additional water samples will need to be collected from the stream and the wells to identify consistent conditions and document seasonal trends. To facilitate comparisons, stream-and ground-water samples would need to be collected at least quarterly and analyzed for the same constituents, including major ions, nutrients, and wastewater compounds. Because well 1 went dry during the study, a new deeper well (installed to a depth of about 10 ft below land surface) installed near well 1 would be necessary to enable ground-water-level measurements and sample collection during dry seasons. Additional ground-water samples collected from the area near well 1, the most upgradient well in the study area, may help to provide a more comprehensive set of ground-water-quality data. Future studies may also benefit from the installation of an additional well in the center of the natural area between wells 5 and 6. This additional well would provide a means to compare conditions at different locations within the center of the natural area. With the addition of a second well installed in the interior part of the natural area, improved comparisons would be possible with wells that are located along the perimeter of the natural area. 
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